SUMMARY An enzyme linked immunosorbent assay (ELISA) system which detects and simultaneously types herpes simplex virus antigens in clinical specimens from patients with genital herpes has been compared with standard tissue culture isolation. Although more sensitive than a similar method previously described and also more sensitive than electron microscopy and immunofluorescence, ELISA did not detect all the viruses isolated in tissue culture. Costs were comparable. The speed of obtaining the result together with knowledge of the type causing infection are useful when antiviral chemotherapy is envisaged and when considering the likelihood of recurrences.
For many years virus culture has been the method of choice for detecting herpes simplex virus (HSV) infections of the genital tract as well as other sites. The virus grows well in a variety of tissue culture systems, including continuous cell lines such as Vero and BHK-21, although diploid human embryo fibroblasts are probably the cells most often used. Tissue culture has, however, a number of disadvantages. Specimens must reach the laboratory in a viable state, and a specialised virus facility must be available. Isolation is relatively slow, taking an average of two to four days, with some specimens containing little infectious virus taking up to five or six days.
The advantages of rapid and sensitive alternatives to culture have been emphasised by numerous workers. speeds up the diagnosis, additional complexity is incurred and the expense of culture is not avoided.
So far no method has been able to detect HSV in all the specimens from which the virus has been isolated. Rates of detection have matched most closely in the examination of vesicle fluid, where electron microscopy compares well with virus isolation. Indeed, electron microscopy is the method of choice in diagnosing HSV infections in immunosuppressed patients, when speed is essential. When later lesions from the same patient are examined, however, the comparison with culture becomes much less favourable. Comparison of ELISA with virus isolation for the diagnosis of genital herpes cervix, the swabs being simultaneously rotated in the expressed blister fluid or ulcer. One swab was then broken off into 4 ml of virus transport medium (half skimmed milk and half phosphate buffered saline) for later tissue culture inoculation; the other swab was placed in 0 5 ml of ELISA washing buffer. Initial experiments had shown that the ELISA method was not sensitive enough for material diluted in 4 ml of virus transport medium to be used.
VIRUS ISOLATION
After collection swabs in transport medium were immediately placed at 4°C and stored until later inoculation into tissue culture. This was usually within 3 h of collection, but specimens from evening clinics were inoculated the next morning. Duplicate tubes of either MRC5 cells or local low passage human embryo fibroblasts were inoculated with 0-1 ml of transport medium. Cells were maintained rolled at 36-370C in Eagle's medium with 2% fetal calf serum and were examined daily for cytopathic effect. Typical cytopathic effect was confirmed as being caused by HSV by indirect immunofluorescence using rabbit anti-HSV antiserum and a fluorescein isothiocyanate antirabbit conjugate.
ELISA DETECTION AND TYPING
The Dakopatts ELISA kit for detecting and typing HSV based on the method of Vestergaard and Jensen was supplied by Mercia Brocades. The details of the technique were as supplied by the makers. The method has been previously described,'3 1 " and only the main principles are outlined here, although any minor modifications are described in full.
Polyclonal capture antibodies consisting of purified rabbit immunoglobulin fractions of anti-HSV type 1, anti-HSV type 2, or control rabbit immunoglobulin (diluted 1/50 in coating buffer) were coated on to wells in microtitre plates and incubated for 1 h at room temperature. Test samples were added to the plates, which were then incubated at 4°C overnight. The next morning peroxidase conjugated antibody (diluted 1/50 in dilution buffer) homologous with the antibody initially used to coat the well was added. Incubation was for 1 h at room temperature. Substrate (orthophenylene diamine) was then added, the colour developed at room temperature, and the reaction stopped after 15 min with sulphuric acid.
The reactions could usually be easily read by eye; a negative reaction gave no colour while a homotypic reaction gave a more intense brown colour than a heterotypic reaction. In this study, however, all readings were carried out by an automatic ELISA reader (Dynatech Model MR580) interfaced with a Superbrain Microcomputer (Intertec Data Systems) programmed to make calculations to determine whether the specimen was positive and, if so, to determine its type.
The only deviation from the maker's instructions was the incubation of plates with test samples overnight at 4°C rather than for 2 h at room temperature. Previous work had shown that this made no difference to the results. Furthermore, this did not delay the result since specimens were rarely received early enough for processing the same day.
Results
One hundred and three specimens were tested for the presence of HSV by isolation and by ELISA (Table) . All specimens positive by ELISA were also positive by isolation, but seven specimens were positive only by isolation. In other words, of 45 specimens positive by isolation seven were missed by ELISA, which thus had a sensitivity 84 Reed and Muench'4a) and the ELISA result (unpublished observations). This may be due to sampling errors introduced by the need to take separate specimens for virus isolation and ELISA. Alternatively, the finding may be correct, since virus isolation detects 556 only infectious virus, whereas ELISA detects virus specific antigens, and the two may not be directly correlated. Indeed, the ratio of infectious virus to total viral antigen is likely to change during the development of a lesion and to differ between primary and recurrent lesions. A separate study is required to clarify this point.
Since no isolation negative specimens were positive by ELISA the question of differentiating between genuine HSV antigens and false positive results did not arise. The method can detect nonviable antigens, however, and therefore a positive ELISA result with negative findings on isolation would not necessarily be false.
An added advantage of the ELISA method is the immediate typing of the virus causing the infection, although, unlike restriction endonuclease analysis, the ELISA test cannot detect intratypic variation and thus is of only limited epidemiological value. Typing is of prognostic value in estimating the likelihood of the recurrence of genital herpes since type 1 infection recurs far less often than type 2 infection'5 (unpublished observations). Furthermore, it may aid the planning of specific antiviral chemotherapy since HSV 1 is more sensitive than type 2 to a range of antiviral agents. '6 We found ELISA to be more sensitive in detecting HSV than did Lawrence et al'0; there were technical differences between the methods. We used the complete Dakopatts system, in which both capture and enzyme linked detecting antibodies were purified and dialysed polyclonal rabbit antibodies, whereas Lawrence et al used the same capture antibody system but their own human high titre anti-HSV antibodies and a labelled antispecies serum for further steps in the detection system. We used a small volume of ELISA buffer as transport medium for our specimen collection, whereas they used 3 ml of transport medium, a step which we had previously modified because we found it insensitive.
A disadvantage of our method was the use of a different collecting medium for ELISA and culture. This was done only because our virus transport medium, milk saline, is turbid and interferes with the ELISA. If ELISA were adopted for routine use then a transport medium suitable for both ELISA and virus isolation would be bovalbumin, used in a volume sufficiently small to prevent dilution of the viral antigen beyond the limit of detection.
The 
